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Introduction
The condition for the diagnosis of polycystic ovary syndrome is the presence of at least two out of three parameters determined in 2003 during the Rotterdam Consensus [1] :
hyperandrogenism (or its clinical manifestations, e.g., androgenic hair loss, hirsutism), disorders of menstruation and ovulation, enlarged (ovary volume > 10 cm 3 ) or polycystic ovaries (follicle count: 12 or higher).
Symptoms often present in women with PCOS include a reduced level of sex hormone binding protein (SHBG), hypertriglyceridemia, a reduced level of high density lipoprotein (HDL), cardiovascular diseases, insulin resistance (IR), and non-insulin-dependent diabetes [2] . It has been observed that defects in the activity and secretion of insulin in PCOS patients increase the risk of disorders of insulin metabolism, leading to diabetes [3] . PCOS is considered as the most common cause of anovulatory infertility in women [1, 4] . In a retrospective cohort study published in 2018, a correlation was observed between PCOS and non-alcoholic fatty liver disease (NAFLD). It has been demonstrated that women with PCOS have a higher ratio and risk of developing NAFLD [5] [6] [7] . A meta-analysis carried out by Chittenden et al. shows that the diagnosis of PCOS also qualifies patients to the group of increased risk of developing endometrial cancer and ovarian cancer [8] . PCOS consists of disorders that originate from metabolic defects. The presence of symptoms depends on the effectiveness of the functioning of the whole organism. Therefore, the etiology of this endocrine disorder begins already at the cellular level and is conditioned mainly by the state of physiological distribution of specific nutrients. The content of water-soluble vitamins, which serve as catalysts of numerous metabolic reactions, can be of importance in PCOS cases. Most water-soluble vitamins have strong antioxidant properties that, by reducing the influence of free radicals, prevent oxidative stress, and it is known that oxidative stress amplifies endocrine disorders that accompany PCOS, which may interfere with the functioning of female gonads by interrupting the phase of ovulation and fertility [9, 10] .
It is known that hyperandrogenism is one of the main symptoms of PCOS. Androgens, similar to cortisol, are hormones secreted by adrenal glands when influenced by the increased secretion of adrenocorticotropic hormone (ACTH) from the pituitary gland.
Women with PCOS are under an increased risk of developing circulatory system diseases and atherosclerosis. The frequency of occurrence of events associated with cardiovascular diseases, including hypertension and dyslipidemia, was significantly higher in comparison to the control group [11] . In another study carried out over a period of more than 5 years, the J o u r n a l P r e -p r o o f frequency of coronary artery disease was 63% higher in women with PCOS than in healthy women [12] . As described by Michaud et al., this is caused by (among other factors) the increased concentration and accumulation of low density lipoprotein (LDL), which is indirectly associated with the increased release of proinflammatory cytokines (mainly IL-6, IL-1, TNF-α) by inflammatory cells. These cytokines, in combination with the local narrowing of blood vessels, are predictors of atherosclerotic plaque deposition [13] .
Metformin is often used in the treatment of women with PCOS who are at risk of developing type 2 diabetes. Scientific studies confirm an decrease in the level of vitamin B12 in PCOS patients after six months of using the aforementioned medicine [14] with an accompanying visible increase in the concentration of homocysteine in patients with BMI > 25 kg/m 2 [15] .
Additionally, studies point to an inability to become pregnant as well as spontaneous miscarriage as possible clinical results of B12 deficiency [16] . Moreover, it was observed that patients with hyperhomocysteinemia suffer from more frequent miscarriages in comparison to women with a homocysteine concentration remaining within the assumed correct range (5) (6) (7) (8) (9) (10) (11) (12) mmol/L) [17] . It has been assumed that the deficiency of individual vitamins leads to harmful health consequences, including the potential initiation and/or exacerbation of symptoms characteristic of the disorders described above.
Materials and methods
The study was accepted by the Bioethics Committee of the Pomeranian Medical University in Szczecin, and it was carried out in accordance with the Helsinki Declaration, institutional policy and national laws.
The studied group
The size of the trial for the population was calculated by estimating the size of the fraction at the level of 10%. The confidence level was 95%, and the acceptable error margin was 10%, which constituted 49 patients.
The study included 64 women of Caucasian race: 50 patients aged 29.52 ± 7.01 with PCOS diagnosed in accordance with the criteria established during the Rotterdam Consensus.
The diagnosis of two out of three criteria formed the inclusion criteria:
 rare ovulations or lack thereof,  and/or biochemical symptoms of hyperandrogenism, J o u r n a l P r e -p r o o f  and/or image of polycystic ovaries in ultrasound (USG) (polycystic ovary morphology in transvaginal USG-the presence of 12 follicles or more in one or both ovaries, and/or increased volume of ovary >10mL).
The exclusion criterion for the study was exceeding age 40.
The control group consisted of 14 women aged 30.23 ± 6.3 with correct BMI in the range of 21.1 ± 1.35, without PCOS. All of the patients gave their informed consent to participate in the study. All women participating in the study were of reproductive age, and their anthropometric and metabolic parameters are presented in Table 1 
Analysis of water-soluble vitamins with the HPLC method
The highest quality reagents (NaHCO3, NaOX, HK2PO4, methanol and acetonitrile) for the HPLC method were purchased from Sigma Aldrich (St. Louis, MO, USA). Millipore water was used to prepare buffers (Millipore, Billerica, MA, USA). Vitamins were isolated with the use of Eppendorf tubes with an amber color. To protect the vitamins against photo-oxidation, the samples were isolated in a darkened room in amber Eppendorf tubes. After the collection of 400 µL of blood plasma, an equal amount of acetonitrile and 100 µL of internal standard (theobromine with the concentration of 100 ng/mL) were added. The reagents were mixed for HPLC Infinity1260 Binary LC (Agilent Technologies, Waldbronn, Germany) was used during the analysis. Subsequently, vitamins were separated using the gradient method, with the use of 25 mM HK2PO4 buffer with a pH of 7.0 and 100% methanol buffer with the proportions presented in Table 2 . The separation of vitamins was conducted with the use of a BDB Hypersil C-18 (Thermo Scientific) column at 35 °C. ChemStation software was used to analyze the data processed in the study. 
Results
The content of the studied vitamins in the serum of patients from the control group was different than in women with PCOS. The concentrations of ascorbic acid were statistically significantly higher in the PCOS group. The average content was 0.944 ± 0.482 µg/mL with p = 0.036. The content of the remaining vitamins was higher in the control group, and statistical significance was observed in the cases of thiamine, riboflavin, pyridoxine and folic acid. In the cases of biotin, niacin, cobalamin and pantothenic acid, the differences between the contents in the study and control groups were insignificant, but they were lower in the PCOS group. The average content of vitamins and the statistical correlations are presented in Table   3 , Figure 1 and (Tables 4 and 5 ). No significant correlations were observed among the analyzed vitamins in relation to thiamine, folic acid and cobalamin. A significant positive correlation was observed between vitamin C, testosterone and insulin (p = 0.563, p = 0.556), between riboflavin, androstenedione and testosterone (p = 0.542, p = 0.574), biotin and TSH (p = 0.590), as well as between pantothenic acid, pyridoxine and J o u r n a l P r e -p r o o f DHEA-SO4 (p= 0.676) and androstenedione (p = 0.643). A negative correlation was observed only in the case of niacin and the levels of SHBG and HDL (p = -0.625, p = -0.599).
Table 4. The correlation matrix of vitamin C, B1, B2, B3, B5 concentrations in reference
to the biochemical parameters of women with PCOS.
0,163 -0,133 0,301 0,389 0,676* Androstenedione -0,135 0,279 0,542* 0,115 0,079 TSH 0,170 -0,125 -0,146 0,159 0,180 LH -0,313 -0,061 0,005 0,207 0,156 FSH -0,251 0,420 -0,166 0,299 0,065 Oestradiol 0,491 -0,414 -0,282 -0,063 0,161 SHBG 0,268 0,133 0,313 -0,625* 0,315 Testosterone 0,563* -0,490 0,574* -0,267 0,104 PRL -0,281 0,068 0,424 -0,044 -0,130 Insulin trial 0 0,556* -0,436 0,205 -0,109 -0,065 Insulin after 2 h 0,013 -0,107 -0,261 0,491 -0,138 Glucose 0,457 -0,454 0,055 -0,159 0,085 Glucose after 2 h 0,110 -0,221 -0,124 0,478 -0,177 Index HOMA -0,173 0,293* 0,045 -0,040 -0,037 Cholesterol -0,009 0,048 0,382 -0,348 -0,226 LDL 0,502 -0,460 0,089 -0,402 -0,113 TRIGL 0,165 0,287 -0,040 0,364 0,400 HDL -0,162 0,109 0,366 -0,599* -0,100 
Discussion

Analysis of the level of vitamins in both groups (PCOS vs CG)
When discussing the levels of vitamins in the plasma, it is important to consider their supply as well as absorption, transportation and the needs of the human organism depending on age, accompanying illnesses, physiological state, genetics and physical activity.
To some extent, PCOS is associated with the presence of increased oxidative stress, sometimes even with a chronic inflammation of low intensity [18] [19] [20] . One of the factors causing these defects is a diet that is low in antioxidants, including ascorbic acid, which is the fastest reacting antioxidant. Women with PCOS often make many nutritional mistakes (low fruit and vegetable consumption, high consumption of products with high glycemic index (GI), excessive amount of fat in the diet), as observed numerous times also in this study group [21] . This nutritional model makes it easier for nutrient deficiencies to occur, including vitamin C deficiency, whose low thermal durability also results in significant losses when preparing meals [22] . The results of a study by Szczuko et al. indicate that 36.7% of women with PCOS did not consume sufficient amounts of ascorbic acid (AA) and the consumption of B group vitamins was also insufficient [23] . However, basing on the results of the present study, healthy women had lower concentrations of vitamin C in the plasma despite the fact that their diets were better prepared. This suggests that the dietary supply was not the reason for its increase in the plasma. We believe that the observed higher concentration of vitamin C in the group of women with PCOS is associated with the organism's response to oxidative stress. Obesity often accompanies PCOS and is associated with elevated cortisol levels, often observed in these patients [24] . It has been observed that during oxidative stress (induced by physical activity) and the activation of anti-inflammatory reactions, the concentrations of cortisol and AA increased in the plasma of rats, but decreased in the adrenal glands [25] [26] .
That is why higher concentrations of vitamin C in the plasma of ill women, in our opinion, are caused by increased release from the adrenal glands as a result of natural protection against inflammation. Additionally, in conditions of elevated levels of reactive oxygen species (ROS), AA is oxidized to dehydroascorbic acid (DHA), which is transported by the glucose transporters GLUT 1 and GLUT 3 to the interior of the cell mitochondrion where, thanks to J o u r n a l P r e -p r o o f the activity of glutathione (GSH) or enzymes, it is reduced back to its non-oxidized form (AA) and transported to blood plasma [27] [28] [29] . Furthermore, because the transportation of DHA by GLUT 1 and GLUT 3 competes with glucose, the uptake of dehydroascorbic acid to the mitochondrion is reduced by this monosaccharide [30] . Therefore, higher glucose levels in women with PCOS may be of importance. It is necessary to conduct further research in order to deepen our knowledge of the causes of the higher concentration of vitamin C observed in the study group in comparison to the control group. The factors that might have influenced the observation presented in this study are shown in Figure 3 . Lower thiamine values in the blood serum of women with PCOS may result from a low consumption of wholegrain and leguminous products, which not only serve as a natural source of thiamine in the diet, but also support the biosynthesis of vitamin B1 by microbiota, providing microbiota with nutritional fiber. Moreover, the replacement of thiamine sources with highly processed food or food with high content of simple sugars also has an influence on the use or loss of this vitamin [31] [32] , and obesity, which often accompanies PCOS, reduces its absorption [33] [34] . Due to the function of thiamine in the metabolism of carbohydrates, its deficiency may lead to the occurrence of type 2 diabetes, circulation diseases and dyslipidemia in patients with PCOS [35] [36] . Patients with type 1 diabetes also J o u r n a l P r e -p r o o f have significantly lower thiamine concentration in the blood, and the content of vitamin B1 in the plasma demonstrates a reversely proportional relation in reference to the level of glucose [37] . What's more, intake of vitamins namely niacin, riboflavin, thiamine, B6, and vitamin-C decreased with increase in severity coronary artery disease (CAD) in Indian patients [38] .The consumption of vitamins and other nutrients of our patients with PCOS was presented in other studies [21, 22] .
The relation between low concentrations of pyridoxine and elevated concentrations of homocysteine, an incredibly important parameter for the evaluation of the risk of circulation diseases and strokes, has already been thoroughly researched and confirmed by scientific studies [39] . Vitamin B6-which is also a nutrient with antioxidant properties-was present in lower concentrations in the plasma of women with PCOS in comparison to healthy women.
This means that PCOS women participating in this study may manifest symptoms whose generation might have also been influenced by a low level of pyridoxine [40] . This qualifies participants of the study group to the risk group of autoimmune diseases and non-alcoholic fatty liver disease, closely associated with hyperhomocysteinemia [41] .
Folates (vitamin B9) also play an important role in the metabolism of homocysteine. In women with PCOS who experience difficulties with becoming pregnant or maintaining pregnancy, increased numbers of fetal development disorders are observed [42, 43] . Authors have suggested dose administration up to 1 mg, because higher doses are not increasingly absorbed by the organism and at that point folates are removed with urine [44] . Low consumption of folates leads to an increased risk of autism spectrum disorders (ASD) in the children of women with PCOS [45] . This results from high concentrations of testosterone and its steroid sexual precursors to which the fetus is exposed when in the PCOS mother's womb [45, 46] . Moreover, the frequency of ASD cases in children was more frequent in women with PCOS with accompanying obesity than in participants with PCOS but without obesity [47] . It is also important to remember the epigenetic influence on the supply of folic acid. The mutation in the methylenetetrahydrofolate reductase (MTHFR) gene or the homozygous TT genotype further interrupts the metabolism of vitamins B9, B12 and B6 and the transformation of homocysteine (Hcy) into methionine, resulting in an increased concentration of Hcy, associated with inflammation. Recent studies have proved the increased risk of PCOS in TT homozygotes of the MTHFR gene and the GA genotype in the ESR1 gene, showing that the polymorphisms in genes conditioning the functions of insulin as well as hormone and lipid metabolism also influence the frequency of occurrence of PCOS [48] . ESR1 is responsible for J o u r n a l P r e -p r o o f the production of proteins necessary for the proper functioning of the hypothalamic-pituitarygonadal axis [48] . The disrupted mechanism of functioning of this protein may cause incorrect development of follicular follicles, which is one of the main defects in PCOS.
Sources of folates in the diet include green leafy and cruciferous (e.g., broccoli, kale) vegetables as well as dry seeds of legumes and egg yolk, which was found to be rarely consumed [49] .
When analyzing the levels of the remaining group of B vitamins, no statistically significant differences were observed in reference to the studied groups, but a tendency toward lower values was prevalent each time in women with PCOS. RoyChoundhury et al.
observed lower values of riboflavin in the plasma of women with PCOS. This is why we suggest the possibility of the presence of riboflavin deficiencies in PCOS patients [50] .
Ryboflavin is a very important antioxidant, and its deficiency in the diet increases oxidative stress, which is a factor predisposing to the occurrence of numerous symptoms of the syndrome, such as disorders in the function of the ovary, insulin resistance and improper lipid metabolism. This creates a risk of decreased fertility in these patients as well as infertility, type 2 diabetes, atherosclerosis, obesity and metabolic syndrome [51] [52] [53] . Moreover, limiting diet calories and various fasting models can improve metabolism in PCOS by changing the circulating levels of insulin growth factor 1 [54] and by increasing nitric oxide (NO) and glutathione [55] .
As indicated by Wanders et al., patients with PCOS with accompanying deficiency of niacin may also experience reduced expression of proinflammatory cytokines as well as a low level of anti-inflammatory cytokines [56] . Insufficient supply of vitamin B3 is associated with the development of inflammatory diseases [57] . Insulin resistance, as well as increasing obesity and lipid disorders, which lead to atherosclerosis, belong to this type of accompanying disorders in the pathogenesis of PCOS [58] [59] [60] .
Dong et al. observed that people struggling with obesity and women with PCOS have a tendency to have elevated levels of pantothenic acid in blood serum [61] . Despite these observations, our study did not reveal similar correlations and did not confirm this thesis.
However, the results obtained should be regarded as preliminary. Women participating in the study differed in terms of the content of vitamin B5, and higher concentrations were observed in healthy women. Grominak suggested that low concentrations of pantothenic acid are associated with inflammation and resulting autoimmune diseases [62] , including: rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease, as well as atherosclerosis, J o u r n a l P r e -p r o o f hypertension and stroke. It seems that the production of coenzyme A (CoA) seems to be reduced as a result of pantothenic acid deficiency, which may lead to a decrease in the level of produced cortisol, resulting in an increased risk of inflammatory diseases and allergies [62] .
Biotin is a vitamin that is particularly valued by women as it is associated with a positive influence on hair, nails and skin. Therefore, it may be beneficial to supplement vitamin B7 due to the connection between PCOS and androgenic hair loss. Our study demonstrated that women with PCOS had only slightly lower concentrations of this nutrient in blood plasma in comparison to healthy women.
The most common reasons for cobalamin deficiency are a diet that excludes products of animal origin, treatment with metformin (which regulates carbohydrate metabolism), or the use of oral contraceptives. Because PCOS is a disease that is often accompanied by insulin resistance, treatment with insulin reducing agents, such as metformin, might be the reason for deficiencies in some women with PCOS [33] . It seems that supplementation with B vitamins would be indicated in addition to therapy, especially taking into account recent reports on the health benefits of inositol supplementation for women with PCOS [63, 64] .
The correlations between vitamins in the PCOS group and the biochemical parameters of hormone, carbohydrate and lipid metabolism
The authors suggest that the results obtained should be regarded as preliminary and repeated on a much larger population of PCOS patients.
Ascorbic acid (AA) is present in numerous endocrine tissues, and it is also present in large concentrations in the pituitary gland. Therefore, it may play an important role in the secretion of hormones from the anterior pituitary gland, including follicle-stimulating hormone (FSH), luteinizing hormone (LH) and prolactin (PRL). Results achieved by other scientists show that treatment with ascorbic acid increases the level of FSH and testosterone [65] , though this correlation has not been observed in healthy, regularly menstruating women [66] . A chronic, low-grade inflammation plays an important role in the development of insulin resistance, which accompanies PCOS. It has also been determined that ascorbic acid deficiency (caused by low intake) amplifies resistance to insulin induced by TNF-α, which leads to worse results in the glucose tolerance test (GTT), a higher level of insulin in fasting plasma, and the inactivation of protein kinase B pathway (AKT)/glycogen synthase kinase 3 beta (GSK3β) in the liver. The supplementation of AA improves post-meal control of glycemia and blood J o u r n a l P r e -p r o o f pressure in type 2 diabetes patients [67] . This is why the correlations we observe between AA, testosterone and insulin seem to be obvious. No correlation was observed between folic acid, cobalamin (B12) and the analyzed biochemical parameters. Whereas, thiamine showed a significant correlation with the HOMA index. Since the levels of thiamine and folic acid were lower than in the CG or were comparable to healthy women in terms of their involvement in the metabolism of the studied biochemical parameters of cobalamin. The authors according, this may indicate the increased use of these vitamins in the course of PCOS. Supplementation with high-dose thiamine (3x100mg / day) may also prevent deterioration in fasting glucose and insulin, and improve glucose tolerance in patients with hyperglycemia. At the same time, it prevents the growth of HOMA-IR [68] . Natural substances, such as inositol, seems to have good efficacy, similar to metformin with fewer side effects in reducing insulin resistance and improving ovulation [69] .
The correlations between riboflavin and androgens can also be explained. Riboflavin is a strong, non-steroidal inhibitor of testosterone 5a-reductase, which catalyzes the transformation of testosterone into a far more active androgen-dihydrotestosterone [70] . In women with PCOS and a high concentration of androgens, there occurs the amplification of the Δ4 pathway (progesterone) with the accompanying limitation of the Δ5 pathway (dehydroepiandrosterone) of testosterone biosynthesis [71] . However, this phenomenon is not observed in women with PCOS without disturbances in androgen levels, which constitute the majority of the population of women with PCOS [71] . Testosterone 5α-reductase inhibitors represent important therapeutic drugs for use against androgen-dependent diseases such as benign prostatic hyperplasia, male pattern baldness, and acne [70] .
For the first time, we describe the SHBG dependence on niacin. The levels of globulin binding sex hormones are associated with cardiovascular disease (CVD) risk factors [72] .
Niacin features two vitamers (nicotinic acid and nicotinamide), which cause the formation of coenzymatic forms of nicotinamide adenine dinucleotide (NAD) and nicotinamide adenine dinucleotide phosphate (NADP). Both coenzymes are required for oxidation reactions that are key to the production of energy, and they are also substrates of enzymes involved in signaling pathways. This way, they regulate biological functions, including gene expression, the progress of the cell cycle, DNA repair and cell apoptosis. Niacin is synthesized by the kynurenine pathway (KP) from tryptophan supplied by the diet. The KP mainly occurs in the liver and-to a smaller degree-in extrahepatic tissues (especially after the activation of immune cells) [73] . Estrogens, glucocorticoids and thyroxine are among the most J o u r n a l P r e -p r o o f characterized KP modulators [74] . This is why the observed SHBG dependence on niacin requires further study. Moreover, niacin promotes follicular growth in the immature oocyte and reduced the in vitro apoptosis of oocytes in a cell culture [75] . The correlation between niacin and lipid profile, especially HDL, has already been described by other researchers.
Niacin/laropiprant reduced the cholesterol of low density lipoproteins (LDL-c) (13%) and
increased HDL-c (17%) in PCOS. It is worth noting that supplementation had a significant negative effect on postprandial glycemia and did not improve postprandial hypertriglyceridemia [76] . These data may help explain why the improvement in fasting lipids was not reflected by an improvement in CV risk markers in PCOS [76] . Other studies indicated that niacin with prolonged functioning increased HDL levels in plasma in patients with dyslipidemia [77] .
Low-grade inflammation, represented by small increases in c-reactive protein (CRP), plays a key role in the early stages of atherosclerosis, whereas pantothenic acid (PA) has an antioxidant effect in the inflammatory process. The consumption of PA in the diet was reversely connected to the later concentration of CRP in studies conducted in South Korea [78] . Pantothenic acid (vitamin B5) plays a key role in the health and functioning of the brain, and its concentration in the brain is 50 times higher than in the plasma [79] . It plays a particularly important role when it is involved in the synthesis of many neurotransmitters [78] . The supplementation of rats with pantothenic acid after causing oxidative stress (through irradiation) increased the activity of enzymes of the Krebs cycle in mitochondria, isocitrate dehydrogenase (IDH), alpha-ketoglutarate dehydrogenase (α-KGDH) and succinate dehydrogenase (SDH), while slowing the increase in the activity of alanine aminotransferase (ALT) and aspartic aminotransferase (AST). It also increased the level of amino acids in the brain [80] . In this respect, pantothenic acid, by regulating the activity of the Krebs cycle, could contribute to GSH by increasing the production of nicotinamide adenine dinucleotide (NADPH) [81] . The available literature does not provide a description of the correlations between dehydroepiandrosterone sulfate DHEA-SO4 and pantothenic acid, but it is known that dehydroepiandrosterone (DHEA) prevents the aging of the brain, improves brain metabolism and is involved in interactions with energy substrates [82] . Because DHEA improves the uptake of glucose, it can influence the metabolism of central nervous system (interactions with lactate), which is the most important neuronal energy substrate, when absorbing glucose. DHEA improves glucose uptake in specific conditions. Thus, DHEA may affect CNS metabolism and interact with lactate, which is the most important neuronal energy J o u r n a l P r e -p r o o f substrate, on glucose uptake [83] . Therefore, increased oxidative stress caused by higher glucose concentration, disturbed carbohydrate metabolism and, most probably, an infection in women with PCOS are probably analogical to DHEA and pantothenic acid involved in antioxidant processes [84] . The levels of circulating DHEA-SO4 are several times higher than DHEA [85] , operating as a reserve that can be easily transformed by means of steroid sulfatase (STS) in DHEA in the endoplasmic reticulum [85, 86] . In premenopausal women, 40%-75% of circulating testosterone comes from DHEAS. DHEAS, but not DHEA, increases the production of neutrophil peroxide through the pathway by means of protein kinase C (PKC), increasing the immunological response to infection [43] . Conor Bentley et al. also
suggested an influence of DHEA/DHEAS on innate antiviral immunity [87] . Pathways that depend on the biologically active form of pyridoxal phosphate (PLP) include the metabolism of amino acids and neurotransmitters, the metabolism of folates, the synthesis of proteins and polyamines, the metabolism of carbohydrates and lipids as well as the functioning of mitochondria [88] . Apart from these numerous roles, PLP also plays other cellular roles-as an antioxidant and the factor that modifies the expression and functioning of the receptors of steroid hormones, influencing immunity [88] . For example, pyridoxal B6 (PL) inhibits the activation of lipopolisacharyd (LPS)-induced NF-κB, which is an important transcription factor for many genes associated with inflammation [89] . Therefore, the correlation of PLP with androstenedione is another example of increasing the immunity in this group of patients.
The question we should answer is: Does the strengthening of immunity mechanisms in PCOS patients result from an ongoing infection in the organism, resulting in increased predisposition to illnesses associated with inflammation? Probably the most controversial and the least studied aspect of the correlation between PCOS and inflammation is the concept that PCOS can be conditioned by a chronic infection or an infection with a low degree of malignancy [90] . The concept is interesting because pathogens, such as Chlamydia pneumoniae and
Helicobacter pylori, are associated with chronic inflammation and cardiovascular diseases [91] . In particular, the seropositivity of Chlamydia pneumoniae correlates with the presence of atherosclerosis, or even acute myocardial infarction [92] . Similarly, the seropositivity of Helicobacter pylori is associated with arterial stiffness and unstable angina pectoris [93] .
Other sources of chronic infectious processes associated with inflammation and cardiovascular risk include pathogens involved in periodontal disease. There are still not many works evaluating the role of pathogens in PCOS, but those that are available suggest a connection between PCOS and Chlamydia, Helicobacter pylori and periodontal disease [94] .
J o u r n a l P r e -p r o o f
In particular, the seropositivity in reference to Chlamydia pneumoniae and Chlamydia trachomatis was significantly higher in women that reported oligomenorrhea and hirsutism than in control patients [83] . Further studies conducted on larger populations are needed, but in our view, the concept that PCOS may be conditioned by a chronic infection could be accurate, even more so because numerous studies focusing on the genetics of PCOS did not reveal a clear genetic association with this illness [95] . Therefore, in our opinion,
Helicobacter pylori and Chlamydia infections should be tested among women with PCOS in order to determine the incidence and exclude this cause of hormonal disorders.
The correlations also show a link between biotin and TSH. Biotin may cause interruptions in the laboratory evaluation of the activity of the thyroid, falsely suggesting hyperthyroidism [96, 97] . Biotin interference with immune competence tests may result in incorrectly elevated results for TSH, whereas biotin interference with immunometric "sandwich" tests falsely decreases the results. In our opinion, the use of the immunoenzymatic technique had an influence on the presence of the correlation [98] . A strength of the present study is its homogeneous group of premenopausal women. The acceptable error margin is a 10%, but with a 5% error the study group should consist of 120 people and we were not able to gather this sample size for various reasons. Some additional experiments need to be carried out to confirm the correlation data.
To summarize, water-soluble vitamins whose storage in the organism is limited play a key role in the therapy of women with PCOS by reducing antioxidative stress and low-grade inflammation caused by various factors. As such, we are inclined to confirm the concept that PCOS may be conditioned by a chronic infection or an infection with a low degree of malignancy, which may contribute to the occurrence of hormone disturbances. The discussion scheme is shown in Figure 4 .
Conclusions
The status of water-soluble vitamins suggests that women with PCOS have weaker antioxidant defense.
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